Objectives: Guyon's canal is clinically significant because it contains the ulnar nerve, artery and veins and is a location for compression injury. This study was undertaken to determine the anatomy of the ulnar nerve in Guyon's canal on 40 wrists of 20 adult formalin-fixed cadavers.
Introduction
Compression neuropathies of the ulnar nerve in the upper extremity are common. One of the sites of ulnar nerve compression is a fibroosseous tunnel at the wrist known as Guyon's canal (tunnel, lodge or space). Guyon's canal has also been termed canalis ulnaris, [1] the distal ulnar tunnel, [2] carpal ulnar neurovascular space, [3] pisoretinacular space, [4] or the pisohamate tunnel. [5] It was first described as a space at the base of the hypothenar eminence by the French surgeon Jean Casimir Felix Guyon in 1861 who became interested in a small protrusion on the palmar aspect of his wrist when he applied pressure to the hypothenar eminence. [6] It was McFarlane who first described it as a tunnel shaped region between the pisohamate ligament and the fibrous arch of the hypothenar muscles. [5, 7] The palmar branch representing the continuation of the ulnar nerve passes through Guyon's canal and divides into superficial and deep terminal branches within the canal. The superficial terminal branch supplies the palmaris brevis muscle and the medial palmar skin. The deep terminal branch accompanies the deep branch of the ulnar artery as it passes between abductor digiti minimi and flexor digiti minimi brevis to follow the deep palmar arch dorsal to the flexor tendons. At its origin, the deep branch supplies three short muscles of the little finger. After leaving Guyon's canal, the superficial branch divides into two palmar digital nerves as the proper palmar digital nerve which supplies the medial side of the little finger and a common palmar digital nerve which sends a twig to the median nerves and divides into two proper digital nerves to supply the adjoining sides of little and ring fingers. [8] Guyon's canal, 4-4.5 mm in length, includes the ulnar nerve, ulnar artery and veins, and loose fibroadipose tissue. Palmar carpal ligament, palmaris brevis muscle, hypothenar fat and fibrous tissue constitute the roof of the canal. [9] The roof of Guyon's canal extends radially to the hook of hamate, allowing the ulnar artery and sensory component of the ulnar nerve to course radially to the hook of hamate, where they lie on the transverse carpal ligament (flexor retinaculum). [10] The floor of Guyon's canal is composed of tendons of the flexor digitorum profundus and opponens digiti minimi muscles, the transverse carpal ligament, and the pisohamate and pisometacarpal ligaments. The flexor carpi ulnaris and abductor digiti minimi muscles and the pisiform bone form the medial wall. The lateral wall is composed of tendons of extrinsic flexors, the transverse carpal ligament and the hook of the hamate. [9] The ulnar artery and veins are surrounded by fat in the proximal portion of Guyon's canal. In the distal portion at the level of the hamulus, Guyon's canal bifurcates into two separate channels: the continuation of the main ulnar tunnel containing the superficial ulnar nerve and artery, and a deep tunnel containing the deep motor branch of the ulnar nerve. At the distal edge of the hamulus, a fascial line or a thin muscle band separates the superficial from the deep canal. This represents the fibrous arch of the flexor digiti minimi brevis muscle, or the muscle body itself attaching to the hamulus. [11] The roof and radial border of the Guyon's canal are divided into three segments: a proximal segment extending from the pisiform to the level of the hook of hamate, a central segment containing only adipose tissue and a distal fascial layer including the palmaris brevis muscle. [10] Despite the clinical relevance of ulnar nerve in Guyon's canal, few anatomic studies give detailed information on the morphometry of the ulnar nerve and its superficial and deep branches here. This study was undertaken to determine the anatomy of the branches of ulnar nerve in Guyon's canal on a large series of cadaver specimens to be a reference for hand surgeons during wrist surgery.
Materials and Methods
In this study, 40 wrists of 20 formalin-fixed adult cadavers (age ranging from 50 to 65 years; 19 male, 1 female) obtained from the Department of Anatomy, Ege University Faculty of Medicine were dissected. In each cadaver, the skin and the subcutaneous fatty tissues were removed starting from the forearm down to the palm of the hand. The palmaris brevis muscle and the palmar aponeurosis were dissected to expose Guyon's canal. The ulnar nerve and artery were observed. The length of the main trunk of the ulnar nerve in Guyon's canal was measured as the distance from the proximal border of the pisiform bone to the ulnar nerve bifurcation. The diameters of the main trunk, the deep branch and the superficial branch and its terminal branches were measured using a surgical magnifying glass with a 2.5 fold magnification. As the cross-section of the ulnar nerve and its branches were round to oval in shape, the measurements were made along the largest diameter. All measurements were made with a digital stainless steel caliper (Anhui Measuring Tools Company, Anhui, China) with 0.1 mm accuracy. Mean and Standard deviation (SD) values were calculated for each parameter. The parameters measured were normally distributed, therefore paired samples ttest was used for statistical analysis for the assessment of right-left differences.
The relationship of the ulnar nerve and its branches with the transverse carpal ligament and the ulnar artery were investigated. Also, the presence of anomalous muscles within Guyon's canal as a possible cause for ulnar nerve compression was explored.
Results
The ulnar nerve gave the dorsal branch of the ulnar nerve from its medial aspect at a distance of 6.4±2.3 mm from the wrist. After that, the ulnar nerve ran superficially to the transverse carpal ligament and entered Guyon's canal. In Guyon's canal, the ulnar nerve ran dorsal to the palmar carpal and palmar to the transverse carpal ligaments and flexor digitorum tendons. It divided into two terminal branches as the superficial and deep branches. In all cases, ulnar artery and veins ran superficial and radial to the superficial branch of the ulnar nerve within Guyon's canal (Figure 1) .
The length of the main trunk of the ulnar nerve in Guyon's canal before dividing into terminal branches was 11.72±1.99 mm. The diameter of the main trunk, deep branch, the superficial branch and its terminal branches are shown in Table 1 . The length values measured were normally distributed, and paired samples t-test was used for statistical analysis for the assessment of right-left differences. The diameter values measured were normally distributed, and paired samples t-test was used for statistical analysis for the assessment of rightleft differences. No statistically significant right-left differences were observed for any of these parameters A unilateral accessory abductor digiti minimi muscle was discovered on the left side of a male cadaver originating from the deep antebrachial fascia and running obliquely down on to the Guyon's canal, as a possible cause of compression in Guyon's canal, creating a fibrous arch over the nerve. It terminated fusing with the fibers of the abductor digiti minimi muscle. The muscle was located on the anterior aspect of the forearm superficial to flexor digitorum superficialis muscle (Figure 2,  Figure 3 ). Its spindle shaped belly was approximately 12 cm long and 2 cm wide.
Discussion
The most common causes of ulnar tunnel syndrome (ulnar nerve compression) in Guyon's canal are occupational traumatic neuritis, ganglion cyst, tumor, thrombosis of ulnar artery, fractures of the pisiform or hook of hamate, rheumatoid arthritis synovitis, a musculotendinous arch and nerve anomalies. [12] [13] [14] In addition to these, a rare cause of compression is anatomic variations of muscles in Guyon's canal. These variations are reported as anomalous palmarislongus, [15, 16] flexor digiti minimi brevis [17, 18] or abductor digiti minimi muscle, [14, 15, 17, [19] [20] [21] [22] [23] a variantabductor-flexor muscle of the little finger, [24] accessory flexor profundus [25] or flexor carpi ulnaris [15, 26] muscles coursing through the canal. [27, 28] In this study, an accessory abductor digiti minimi muscle was observed as a possible cause of compression in Guyon's canal, creating a fibrous arch over the nerve.
Ulnar nerve compression may cause weakness and atrophy of intrinsic hand muscles and loss of sensation in the ulnar nerve distribution of the hand. Posner described Table 1 The diameters of the main trunk, deep branch and the superficial branch and its terminal branches (proper palmar digital nerve and common palmar digital nerve) of the ulnar nerve (paired samples t-test).
Zone 1 as the most proximal portion of the canal where the nerve is a single structure consisting of motor and sensory fascicles, and zones 2 and 3 are distal where the ulnar nerve has divided into motor and sensory branches. [29] The symptoms of ulnar nerve compression correlate with the zone in which compression occurs. Grundberg defined ulnar nerve compression at the wrist as of two distinct types. [30] In the first type, compression is at the level of the pisiform with the involvement of both sensory and motor fibers. In the second type, compression is distal to the pisiform with the involvement of the motor fibers only.
Surgical release of the ulnar nerve at the wrist involves deroofingGuyon's canal. During surgical exposure of Guyon's canal, there is risk of damaging neurovascular structures close to the transverse carpal ligament such as the ulnar nerve trunk or its branches and the ulnar artery. Arthroscopic wrist surgery is also commonly used to treat a number of conditions of the wrist including chronic wrist pain, wrist fractures, ganglion cysts, ligament tears, and tears of the triangular fibrocartilage complex. During arthroscopic surgery, an accidental entry into Guyon's canal may result with ulnar nerve injury. Radiography, multidetector computed tomography (CT), multidetector CT arthrography, and magnetic resonance imaging (MRI) of the wrist are useful for surveying the anatomy of Guyon's canal. [31] Despite the clinical relevance of Guyon's canal, morphometric studies on the ulnar nerve here are very rare. Murata et al., [32] in a cadaveric study on 35 specimens, observed the ulnar nerve bifurcating into a deep branch and a superficial branch just distal to the distal edge of the pisiform. Zeiss et al. examined the normal anatomy of the Guyon's canal using MRI. [11] In their study, the ulnar nerve was round or oval with a mean diameter of 3±1 mm, and the length of the main trunk was 11.6±2.5 mm. Gross and Gelberman measured the length of the main trunk as 11 mm. [9] At the proximal end of the canal, the shape was generally triangular, with the base of the triangle directed towards the pisiform bone. The average transverse width of the canal was 11±5 mm, and its greatest anteroposterior depth was 7±4 mm. At the middle of the canal, the shape was either triangular or oval. The greatest transverse and anteroposterior dimensions of the canal were 13±5 mm and 6±4 mm, respectively. The general configuration of the superficial tunnel was biconvex or discoid 14±6 mm wide and 5.5±2 mm deep at the distal portion of the Guyon's canal. Peeters et al. measured the ulnar nerve and its branches in Guyon's canal in an ultrasonographic study. [33] They measured the anteroposterior diameter of the main trunk as 2.5 (2.3-2.7) mm on the right and 2.6 (2.4-2.9) mm on the left side. The transverse diameter was measured as 3.8 (3.3-4.3) mm on the right and 3.7 (3.3-4.1) mm on the left. They observed no significant differences between left-and right-side measurements. The results of these MR and ultrasound studies are consistent with this anatomical study on cadavers, indicating our measurements are relevant in clinical cases. In addition to former studies, this study presents diameters of the two terminal branches of the superficial branch of the ulnar nerve in Guyon's canal.
Despite the clinical relevance of the ulnar nerve and its branches within Guyon's canal, few morphometric details have been described in the literature and the diameter of its superficial and deep branches have not been measured. An understanding of the contents of Guyon's canal, their positions and morphometry allows the surgeon to perform a correct approach and accurately identify structures during procedures at or near the Guyon's canal. This morphometric study was designed to help hand surgeons in reducing damage to neurovascular structures of Guyon's canal in order to avoid complications and to ensure optimal patient outcome during wrist surgery.
